Introduction
Chest radiography (CR) is a well recognized and effective method of diagnosis for active tuberculosis (TB) in experienced hands (1). Like sputum smear examination, it can also be used to screen a population or a selected group of people for the disease and has the distinct advantage of promptly detecting those infectious cases with minimal chest symptoms and some non-tuberculous but significant abnormalities. Its main disadvantages include a much higher cost, the prerequisite of highly qualified technicians and experienced physicians as well as the potential health hazard from radiation (2).
In Western Australia (WA), mass miniature radiography (MMR) of the chest started in 1948 (3) and was confined to selective groups in the community until 1952 when compulsory MMR of the entire adult population began (4). This lasted for over 20 yr before it was abolished at the end of 1972 (5) to be replaced by selective surveys and examination of volunteers for another 10 yr. Emphasis was at first on men and smokers over 44 years of age, then 'refugee' migrants, residents in aged homes or sheltered workshops, and finally special occupational groups -particularly those in the mining industry.
In 1983, MMR was abandoned (6) in favour of standard films but CR of volunteers from the general public continued until 1987. When the statutory requirement of chest X-ray examination in miners was waived in July 1996 this examination in WA became restricted to (a) migrants requiring TB surveillance, (b) TB contacts, (c) Mantouxpositive reactors, (d) referrals from medical practitioners, and (e) child-care workers. In spite of these changes no further information on the contribution of CR was available after 1979. With an increasing shortage of health funds and the wide public concern on medical radiation (7) regular monitoring of this expensive screening procedure is mandatory. A study was therefore undertaken: (i) to assess the role of routine CR in selective groups of asymptomatic subjects in WA, (ii) to review its use and results in the past and hence (iii) to rationalize our future policy in its application.
Methods and Materials
The TB Control Service at the Perth Chest Clinic (PCC) is the sole statutory body responsible for all chest X-ray examinations relating to TB control in the State. The maintenance of client database at the Clinic has been computerized since early 1992. A printout of persons Table 2 below). $Denotes chest X-rays with abnormalities requiring further assessment (see Table 2 The complete list was then gone through, one by one, for the necessary information either directly from the entries in the computer when the chest X-ray was reported to be normal, or by double checking with the actual records when it was abnormal and/or further actions were taken. All the chest X-rays had been read by two experienced chest physicians and their diagnoses were accepted without re-reading the films. In the CT group, all those over 14 years of age would have had a chest X-ray on their first visit before the Mantoux test results were known. This approach was necessary because of the poor compliance with the contacttracing procedures in WA (8). Those under 15 years of age would not be X-rayed unless Mantoux-positive. No tuberculin tests were required in the EM and PR groups. The PT group includes individuals having the Mantoux test in tuberculin surveys or for work, long-term travel overseas and tertiary studies in certain health sciences. The test was performed as a baseline indicator for infection prevalence, tuberculin conversion rate and preventive therapy in the case of later conversion. To children tested negative and going to stay overseas in high-risk areas, BCG (bacille Calmette-Guerin) vaccination would be offered. The diagnoses from the chest X-ray examination are divided into three groups, depending on whether the X-ray was normal or abnormal, and, if abnormal, whether or not the finding was clinically significant. The results are then analysed with simple descriptive statistics.
The annual reports from the Director or TB Physician for the years 1948-83 inclusive were reviewed in relation to the use of CR for TB case-finding in this State.
Results

CURRENT STUDY
From 1 July 1992 to 30 June 1993 a total of 2456 asymptomatic persons received chest X-ray examination or clearance at the PCC, consisting of 456, 330, 616 and 1054 respectively in the CT, PT, EM and PR groups. The findings are summarized in Table 1 . There is a bias towards the female sex in the study population with a male:female ratio of 1:2 overall and 1:10.4 in the EM group which also has the youngest mean age of 29.4 years.
The overall yield of clinically significant X-ray abnormalities is 2.7%. The yield in the PR group is 5.1%, which is significantly higher than in any other group. The difference of yield between the CT and the EM groups is also It is interesting to note that about 3 and 6% of the CT and PT groups, respectively, were given isoniazid preventive therapy (HP) but only 0.1% of the PR and none in the EM group. This is undoubtedly due to the difference in tuberculin testing requirements among the groups and raises the logical approach of Mantoux testing before chest X-ray in the EM group and skin testing in addition to X-raying those under 35 years of age in the PR group.
It is surprising to find twice the proportion of the PT subjects having HP as that in the CT group. This is due mainly to (i) the large number of tuberculin-negative adults who had been X-rayed for contact examination before the Mantoux result was known, (ii) the low infectiousness of TB through contact in WA as previously documented (S), and (iii) the higher mean age of the CT group (Table 2) . Our policy does not recommend HP in persons over 34 years of age unless a true recent tuberculin conversion has been demonstrated.
The chest X-rays were reported as within the normal limits in 96.3, 985, 99.0 and 92.0% in the CT, PT, EM and PR groups respectively (Table 2) . Active TB was detected only in the CT (0.4%) and PR (0.4%) groups, with an overall yield of 0.2% or 2.4/103 films. Of the total of six patients, one in each group had the disease bacteriologically confirmed. Abnormalities consistent with past TB are found in a total of 47 persons at an overall rate of 1.9%, and 42 of them are in the PR group at a rate of 4.0%. Non-TB but clinically significant abnormalities were detected in 13 patients (0.5%) and bronchial cancer in one (0.04%).
REVIEW OF ANNUAL REPORTS 1948-83
MMR started in 1948 and was initially confined to TB contacts, newly arrived migrants, entrants to the Public Service, police and armed forces recruits, university students, mental hospital in-patients, special occupational groups and volunteers from the general public (Table 3) . From 1948 to 1951 a total of 102 890 persons were X-rayed and 344 (3.3/103) of them were found to have active TB with an additional 257 (2.5/103) suspected of having the disease and requiring further follow-up. Another 1070 (10.4/103) had significant non-tuberculous abnormalities (9) (10) (11) (12) .
Compulsory MMR of the entire adult population began in 1952 and lasted for over 20 years at 3-to 5-yearly cycles until the end of 1972. During this period a total of about 1.5 million miniature films had been taken and 1043 patients with active TB were detected at an average rate of 0.7/103 (5). The trend is best illustrated by three of the Perth metropolitan surveys (13-15) as shown in Table 4 . While the yield per lo3 films for active TB decreased by an average annual rate of 15%, that for lung cancer stayed unchanged at 0.3 in the period 1954 to 1963. As a result, the MMR surveys were continued for another 10 yr.
From 1974 to 1976 a total of 45 416 men and smokers aged 45 years and over were screened (1618). Of these, 15 (0.3/103) had active TB and 62 (1.4/103) lung cancers (Table 3) . For the following 3 years to 1979 (19-21) the selective surveys were expanded to include other high TB risk groups and volunteers from the general public, but the yields continued to decrease (0.2/103) for active TB and 0.8/103 for lung cancers).
The surveys over the different periods had been responsible for 344 of 1877 (18.3%) total notifications in 1948-51, 1043 of 5271 (19.6%) in 1952-72, 15 of 289 (5.2%) in 1974-76, 10 of 377 (2.7%) in 1977-79 and six of 60 (10.0%) in 1992-93. The overall yield of active pulmonary TB per lo3 films was 3.3, 0.7, 0.3, 0.2 and 2.4, respectively, for the corresponding periods. This clearly indicates the importance of wise selection if CR is to be rewarding in TB case-finding.
Discussion
Mass CR was once considered valuable for active casefinding in areas with high TB prevalence until the detection rate falls below one per lo3 films (22). Miniature radiography generally refers to CR using 35 to 70 mm films. MMR surveys in WA were limited mainly to high-risk groups and (Table 3) . When compulsory MMR was applied to the whole population from 1952 to 1972, the average yield decreased to 0.7/103 films but the cases still accounted for over 19% of the notifications. When TB was eventually brought under control the MMR surveys concentrated on men and smokers above 44 years of age from 1974 to 1976. The result was a yield per lo3 films of 0.3 cases of active TB but 1.4 cases of lung cancer. When the effort was diversified to include more groups and volunteers from 1977 to 1979, both yields dropped to 0.2 and 0.8 per lo3 films respectively. With the annual TB notification rates continually declining from 108/10' population in 1950 to four in 1993, the judicious application of CR to a few special groups in our community proves to be a right decision. Although only six active cases were detected among 2456 examinations in the 12-month period of 1992-93, the yield was 2.4110' films and they accounted for 10% of the notifications. The yield would have been higher if CR had been restricted to only Mantoux positives in the CT and EM groups. Our experience over the last 48 years certainly concurs with the opinion of the World Health Organization Expert Committee on TB (23) who, in 1974, stated that MMR is a very expensive screening procedure and the policy of indiscriminate TB case-finding by (mobile) mass radiography should (now) be abandoned.
Putting aside the not insignificant proportion of non-TB radiographic abnormalities detected (Tables 3 and 4) , it is obvious that the selective CR of applicants for permanent residence, positive Mantoux reactors and TB contacts (preferably after Mantoux testing) should continue as at present. The reason for X-raying child-care workers preemployment is to protect the children from being infected by their carers, and CR is convenient as one visit alone is needed. Although the TB risk in this group has been shown to be negligible, with the surge of migrants from highprevalence areas over the past 20 yr, an increasing proportion of the workers were born overseas. Some but certainly not all of them would have been screened before or after arrival. To stop CR completely now will be difficult to accept. There is, however, enough justification from the study to reduce the numbers by prior Mantoux testing. This study has confirmed, cost aside, the contribution and effectiveness of CR as a screening procedure in the control of TB in WA. When the prevalence of the disease is high, as it was in 1948, MMR has been most productive in active case-finding. This, supported by a good national programme of treatment and follow-up, rapidly reduced the TB load of the State to a low prevalence area within 35 yr. At a time when TB control is no more a problem and elimination (24) is high on our agenda, it is important to monitor the role of CR lest it be abused. On the other hand, its judicious application will continue to play a significant part in our final battle against this disease.
